INTRODUCTION {#sec1-1}
============

The c-kit proto-oncogene (CD117) is a type III transmembrane receptor tyrosine kinase, encoded by the c-kit gene that is located on the human chromosome segment 4q11.\[[@ref1][@ref2]\] The loss of function mutations have demonstrated the crucial role of c-kit in normal growth and/or differentiation of several cell types.\[[@ref3][@ref4]\] C-kit interaction with its ligand, stem cell factor (SCF, also called steel factor) leads to activation of specific intracellular signal transduction cascades.\[[@ref5]\]

The overexpression of c-kit has been implicated in a number of human neoplasms including gastrointestinal stromal tumors, ovarian cancer, testicular germ cell tumors, small and non-small lung cancers, acute myeloblastic leukemia and malignant melanoma, suggesting a role for c-kit and its mutant forms in carcinogenesis.\[[@ref6][@ref7][@ref8][@ref9][@ref10]\]

Adenoid cystic carcinoma (AdCC) is a malignant salivary gland neoplasm characterized by indolent growth pattern, a high rate of metastasis with late onset, tendency to invade neural tissue and low rate of long-term survival. Since AdCC exhibits invasive behavior, differentiating this tumor from other benign and malignant salivary gland tumors that share similar histologic features in small biopsies, such as polymorphous low-grade adenocarcinoma (PLGA) and pleomorphic adenoma (PA), is critical.\[[@ref11][@ref12]\]

Currently, there is little information on the altered expression of c-kit in salivary gland tumors, which is mainly limited to AdCC and PLGA. Furthermore, recent studies about using c-kit for distinguishing AdCC from other salivary gland tumors are controversial. The purpose of this work is to investigate the expression and tissue distribution of c-kit protein in different types of benign and malignant salivary gland tumors that mimic AdCC and to evaluate the application of c-kit as a marker in the diagnosis of AdCC.

MATERIALS AND METHODS {#sec1-2}
=====================

We obtained paraffin-embedded tissue blocks of 36 benign and malignant prevalent tumors including nine AdCC (cribriform type), four PLGA, six mucoepidermoid carcinoma and 17 PA from the files of the Pathology Departments of Hospitals and the Oral and Maxillofacial Pathology Department of Dental School. The paraffin-embedded tissue blocks were sliced into three-micrometer sections for routine histological and subsequent immunohistochemical examinations. Diagnosis of the AdCC, PLGA, MEC and PA was based on histological examination of the hematoxylin-and-eosin-stained tissue sections.

Immunohistochemical staining for c-kit {#sec2-1}
--------------------------------------

Immunohistochemistry was performed on formalin-fixed and paraffin-embedded three-micrometer thick sections. Tissue sections were deparaffinized in xylene and rehydrated in decreasing ethanol series. For antigen retrieval, sections were boiled in 0.01 citrate buffer (pH = 6) for ten minutes. Methanol with 0.5% hydrogen peroxide was used to block endogenous peroxidase activity for ten minutes. Tissue sections were then washed in Tris-buffered saline (TBS, pH = 7.6) and incubated with diluted normal serum for ten minutes and then treated with primary antibody for 30 min according to the procedure outlined by the manufacturer. The applied primary antibody was c-kit monoclonal antibody (Novocastra RTU-CD117,RE 7290 k, UK).

After rinsing with TBS, the sections were incubated with secondary antibody, washed again in TBS and reacted with diaminobenzine hydrochloride (DAB) for five minutes. Finally, slides were counterstained with hematoxylin and cover-slipped with a synthetic mounting media. Tissue mast cells and stained sections of gastrointestinal stromal tumors (GIST) were used as positive controls and lack of the primary antibody as negative control.

The immunostains were evaluated by three independent reviewers and the slides were examined with a light microscope at a final magnification of ×400. In this study, only the percentage of cells that showed cytoplasmic or membranous staining, but not the intensity of staining, was quantified.

According to the percentage of the positive cells, immunohistochemical reactivity for c-kit was scored as follows:

Immunoreactivities considered positive if greater than 10% of the tumor cells were stained and graded as 1^+^, 2^+^ or 3^+^ according to the percentage of the tumor cells stained (respectively, 10-25%, 26-50% and 51-100%).

Statistical analyses {#sec2-2}
--------------------

Data were analyzed with PASW Statistics 18 for Windows. Quantitative Assessment of the relationship between variable parameters and comparison of different groups were analyzed with Chi-Square test with *P* \< 0.05 being considered statistically significant.

RESULTS {#sec1-3}
=======

In case of AdCC, all samples showed the expression of the c-kit protein. In case of approximately 90% of AdCC samples, more than 50% of the cells exhibited positive reactivity for c-kit (graded as 3^+^) and in one case 10-25% of cells were positive (1^+^). The highest frequency of the grade 3^+^ c-kit was observed in AdCC (42.1%). In 88.8% of AdCC cases, staining intensity was moderate or strong (4/9 moderate and 4/9 strong) \[[Table 1](#T1){ref-type="table"} and Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\]. The site of histological manifestation of c-kit was mainly diffuse (7/9 AdCC cases were diffuse and 2/9 cases were luminal) and the cellular localization of c-kit was found to be membranous and/or cytoplasmic (7/9 cases of AdCC were membranous and cytoplasmic and 2/9 cases were merely membranous).

###### 

Percentage of different staining intensities of c-kit protein in the studied tumors and control samples

![](JOMFP-18-177-g001)

![(a) Photomicrograph of adenoid cystic carcinoma (AdCC) samples (H&E stain, ×40). (b) Immunostaining for c-kit expression in AdCC samples. AdCC shows 3+ immunoreactivity, strong staining intensity and diffuse expression (IHC stain, ×100) Inset: High power view of the same. (IHC stain, ×400)](JOMFP-18-177-g002){#F1}

In case of PLGA samples, the c-kit expression was observed in all samples (4/4) with less than 50% of the cells showing positive reactivity for c-kit (3/4 were 2^+^ \[26-50% of the cells\] and 1/4 was 1^+^ \[10-25% of the cells\]). Furthermore, the staining intensity for c-kit varied from weak to strong \[[Table 1](#T1){ref-type="table"}\]. The histological manifestation of c-kit was found to be diffuse (2/4) and luminal (2/4) and c-kit was mainly localized in the cytoplasm (3/4 were cytoplasmic and 1/4 was membranous) \[[Table 2](#T2){ref-type="table"} and Figure [2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}\].

###### 

Percentage of different sites of histological expression of c-kit in the studied neoplasms and control samples

![](JOMFP-18-177-g003)

![(a) Photomicrograph of polymorphous low-grade adenocarcinoma (PLGA) (H&E stain, ×100). (b) C-kit expression in PLGA samples monitored by immunostaining. An immunoreactivity of 2+, strong staining intensity and diffuse expression was observed in PLGA samples (IHC stain, ×40)](JOMFP-18-177-g004){#F2}

In case of MEC, similar to AdCC and PLGA samples, c-kit expression was positive in all MEC specimens. The immunoreactivity for c-kit was 3^+^ in 66.7% of the cases and 2^+^ or 1^+^ in 2 cases \[[Table 3](#T3){ref-type="table"} and Figure [3a](#F3){ref-type="fig"} and [b](#F3){ref-type="fig"}\]. Furthermore, similar to AdCC, the site of histological manifestation of c-kit was diffuse (4/6) \[[Table 2](#T2){ref-type="table"}\] and the cellular localization of c-kit in MEC samples predominantly exhibited the cytoplasmic-membranous pattern (4/6) and in only two cases the membranous pattern was observed (2/6).

###### 

Frequency and percentage of c-kit expression in the studied tumors and control samples

![](JOMFP-18-177-g005)

![(a) Photomicrograph of mucoepidermoid carcinoma (MEC) samples (H&E stain, ×100). (b) Immunostaining for c-kit expression in MEC. MEC samples exhibit weak staining intensity (IHC stain, ×100). Inset: High power view of the same (IHC stain, ×400)](JOMFP-18-177-g006){#F3}

In contrast to previous tumors, PA samples showed the expression of c-kit in 76.5% (13/17) of cases and thus, negative results for c-kit expression were observed only in PA samples \[[Table 3](#T3){ref-type="table"} and Figure [4a](#F4){ref-type="fig"}--[c](#F4){ref-type="fig"}\]. Furthermore, the manifestation of c-kit was largely diffuse in the positive samples and c-kit was mostly localized to the membrane (9/13 membranous, 3/13 cytoplasmic and 1/13 both).

![(a) Photomicrograph of pleomorphic adenoma (PA) (H&E stain, ×100). (b and c) C-kit expression in PA analyzed by immunostaining against c-kit Weak staining intensity and luminal expression of c-kit is observed in PA samples (b) IHC stain, ×400. (c) IHC stain, ×100.](JOMFP-18-177-g007){#F4}

All control samples showed no expression of c-kit, except one sample, which showed c-kit immunoreactivity 1^+^ with a weak staining intensity.

Therefore, while our results showed a significant difference in the expression of c-kit between the control and tumor specimens (*P* \< 0.05), no significant difference was observed between the benign (PA) and malignant (AdCC, PLGA, and MEC) tumors.

DISCUSSION {#sec1-4}
==========

The c-kit proto-oncogene protein is a transmembrane receptor-type III tyrosine kinase that shows structural homology to the receptors of platelet-derived growth factor, macrophage colony stimulating factor and Flt3. Upon binding to its ligand, stem cell factor, it begins a signal cascade that contributes to the growth and differentiation of multiple hematopoietic lineages.\[[@ref13]\]

The c-kit gene product is expressed in several normal cells including mast cells and epithelial cells of breast. The crucial role of c-kit in the normal migration and development of germ cells and melanocytes has been demonstrated.\[[@ref3][@ref4]\]

Alteration in c-kit expression has been observed in a variety of neoplasms including gastrointestinal stromal cell tumors (GISTs), germ cell tumors and salivary gland tumors.\[[@ref1][@ref12]\]

Until recently, a limited number of studies have examined the expression of c-kit protein in salivary glands. Several studies have reported a consistently strong expression of the c-kit protein (CD117) in AdCC. However, some other salivary gland tumors including PA and PLGA may also be immunoreactive, and studies attempting to differentiate PLGA from AdCC have shown discrepant results.\[[@ref14][@ref15]\] Indeed, differentiating between AdCC and other salivary gland tumors, especially PLGA, can be a diagnostic challenge. Penner *et al*. demonstrated that c-kit might be a valuable adjunctive tool for differentiating AdCC from PLGA or benign from malignant neoplasm, whereas Edwards *et al*. suggested that c-kit was not a useful marker for diagnosis.\[[@ref12]\]

In addition to the role of c-kit in the diagnosis of AdCC, the relationship of c-kit expression with clinical findings was also evaluated by Lee *et al*. They reported that the expression of c-kit had no predictive value for recurrence and prognosis.\[[@ref16]\] The discrepancy in the previous results compelled us to investigate the potential of c-kit for the diagnosis of AdCC.

In this study, we explored c-kit protein expression in certain types of neoplastic and non-neoplastic salivary gland specimens. Consistent with previous reports, all cases of AdCC exhibited the expression of c-kit protein in this malignant neoplasm.\[[@ref1][@ref11][@ref12][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22]\]

According to WHO classification, AdCC has three microscopic patterns: Tubular (well-differentiated or grade I), cribriform (moderately differentiated or grade II) and solid pattern (poorly differentiated or grade III).\[[@ref23]\] The most common pattern is cribriform and the less frequent one is the solid type. A mixture of patterns is common in AdCC and classification is done according to the predominant pattern.\[[@ref15]\] Although the mixed type was also seen in our samples, the cribriform pattern was prominent and thus, our cases were classified as the cribriform type.

In our analyses, most of the AdCC samples showed immunoreactivity for c-kit protein in more than 50% of the cells (3^+^). Similar observations had previously been reported by Epivatianos *et al*.,\[[@ref17]\] Andreadis *et al*.,\[[@ref19]\] Chandan *et al*.\[[@ref21]\] and Penner *et al*.\[[@ref12]\] Furthermore, several studies on AdCC have shown c-kit protein expression in neoplastic cells exhibiting solid pattern; luminal cells of tubular structures and cells lining cribriform spaces.\[[@ref11][@ref12][@ref17][@ref19][@ref22]\] Notably, in this study, we could demonstrate a diffuse pattern of c-kit expression in AdCC specimens, which can explain the discrepancy in previous observations. We find that in AdCC, the c-kit protein has a cytoplasmic-membranous localization, which concurs with the findings of Mino *et al*.,\[[@ref11]\] and differs from the previous reports by Chandan *et al*.,\[[@ref21]\] Edwards *et al*.\[[@ref22]\] and Jeng *et al*.,\[[@ref1]\] showing only a cytoplasmic localization of c-kit protein.

The role of c-kit pathway in carcinogenesis in AdCC is not yet clear. Oliveira *et al*. have reported that although c-kit is expressed in AdCC, it is not phosphorylated, suggesting that it is unlikely to have a direct oncogenic function in AdCC.\[[@ref11][@ref24]\] The strong expression of c-kit in AdCC may suggest a role for c-kit inhibitors as potential therapeutic drugs for this tumor. Imatinib mesylate (Glivec) is a tyrosine kinase inhibitor (TKI) that inhibits both the platelet-derived growth factor receptor (PDGFR) and the c-kit receptor. It was found to be effective against gastrointestinal stromal tumor (GIST) that harbors a genetic mutation in c-kit. Imatinib has been evaluated in patients with AdCC and objective response was reported only in a limited subset of patients.\[[@ref25][@ref26][@ref27][@ref28]\] Since the effect of tyrosine kinase inhibitor therapy depends on the presence of mutations associated with c-kit overexpression and the mutation of c-kit is uncommon, the absence of mutation in c-kit may explain why imatinib is less effective on AdCC than on GIST.\[[@ref29]\]

In addition to the strong expression of c-kit in AdCC, our results demonstrate that the c-kit protein is also expressed in all PLGA samples. However, according to Andreadis *et al*.\[[@ref19]\] and Penner *et al*.\[[@ref12]\] 50% of their examined PLGA cases showed no expression for c-kit. Furthermore, consistent with previous studies, less than 50% of the cells of PLGA specimens displayed immunoreactivity for c-kit.\[[@ref12][@ref17][@ref19]\]

Thus, these results suggest that c-kit cannot be considered as a reliable marker to differentiate between AdCC and PLGA neoplasms.\[[@ref12]\] Furthermore, the histological expression of c-kit in PLGA was diffuse, which is consistent with the observations of Epivatianos *et al*. and Andreadis *et al*.\[[@ref17][@ref19]\]

Significantly, in spite of the previous reports by Andreadis *et al*.\[[@ref19]\] Mino *et al*.\[[@ref11]\] and Jeng *et al*.,\[[@ref1]\] showing no expression for c-kit in MEC neoplasm, we found c-kit expression in the majority of our MEC specimens.

In case of PAs, the majority of samples showed immunoreactivity for c-kit, which is consistent with the findings of Andreadis *et al*.\[[@ref19]\] and Chandan *et al*.\[[@ref21]\] In comparison with AdCC and PLGA, PA samples showed varied immunoreactivity for c-kit from 1^+^ to 3^+^, which is in line with the study of Chandan *et al*.\[[@ref20]\] Although, in previous study by Andreadis *et al*.\[[@ref19]\] on PA, only the luminal cells of the duct-like structures showed positive staining for c-kit (while the solid tumor cells and reticular or trabecular areas were negative), we found diffuse distribution of c-kit protein in PA. Furthermore, we found that in PA, c-kit is primarily expressed in the cell membrane, which is in agreement with the findings of Andreadis *et al*.\[[@ref19]\] and contrary to previous report by Chandan *et al*.,\[[@ref21]\] where the c-kit protein was found in the cytoplasm of tumor cells.

Taken together, we demonstrate that c-kit expression is not restricted to AdCCs and is rather displayed in other benign and malignant neoplasms such as PA, PLGA and mucoepidermoid carcinoma. Albeit several reports\[[@ref11][@ref12][@ref17][@ref18]\] have suggested the expression of c-kit protein as a useful marker in differential diagnosis of AdCCs from other types of salivary gland neoplasms, particularly in small biopsy specimens, our study together with the studies of Chandan *et al*.\[[@ref21]\] and Edwards *et al*.\[[@ref22]\] strongly oppose previous conclusions.

CONCLUSION {#sec1-5}
==========

Our results demonstrate that c-kit expression is not only limited to AdCC among other salivary gland tumors and thus, it cannot be considered as a diagnostic marker for differentiation of AdCC from other benign and malignant salivary gland neoplasms.

Furthermore, these results failed to detect significant difference in the c-kit expression between benign and malignant tumors and thus it cannot be used for differential diagnoses between these two types of salivary gland neoplasms. Notably, percentage of the cells of AdCC samples immunostained for c-kit was higher than 50% whereas, in PLGA samples, less than 50% of tumor cells showed immunoreactivity for c-kit. Indeed, the percentage of immunoreactivity of the tumor cells for c-kit could potentially be an important factor in differentiating AdCC from PLGA. Moreover, to distinguish between AdCC and PA, analysis of staining intensity for c-kit, rather than c-kit expression itself, should be preferentially utilized (i.e, strong staining intensity for c-kit is merely observed in AdCC samples).

Further investigation is required to characterize c-kit functional pathways in salivary gland tumors and to evaluate potential therapeutic effects of small molecule inhibitors of c-kit on these tumors.
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